Page 1

3GPP TSG-RAN WG1 Meeting #94
R1-1808675
Gothenburg, Sweden, August 20th– 24th, 2018  
Source: 
Intel Corporation
Title:                       Remaining issues of NR-LTE co-existence
Agenda item:
7.1.4
Document for:
Discussion and Decision
1 Introduction
In this contribution, we discuss the remaining issues related to UL power sharing for NR architecture option 3/4 and share our views.  
2. Discussion
2.1 Power sharing for EN-DC option 3 

2.1.1 Phase continuity problem for a common PA structure  

NR supports different types of EN-DC operations, including intra-band contiguous EN-DC, intra-band non-contiguous EN-DC and inter-band EN-DC. More specifically for intra-band contiguous EN-DC, a UE architecture with a single PA is widely assumed [1], where one PA is shared across LTE/NR uplink CCs. 
As being discussed in RAN1 [2], one  issue for the common power amplifier (PA) structure is the potential phase discontinuity. When the PA is shared, transmission power change of one CC may lead to the analog gain change of the shared PA and results in the phase discontinurity of the transmistted signal. Such phase discontinurity introduced in the middle of the transmission may distort the channel estimation and significantly degrades the uplink performance. It should be noted that this problem is rather generic and can happen for all of a common PA structure e.g. intra-band NR CA as well. A single solution is preferable to addess it targetting to all the cases. Figure 1 depicts one example of this problem (i.e. power variance of LTE) due to transmission timing difference.      
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Figure 1: The phase discontinurity problem for EN-DC with a common PA
To address this issue, the starting and end position of LTE and NR transmissions should be aligned. In addition, the frequency hopping boundaries also should be aligned for the parallel transmission of EN-DC.      
Proposal 1:

· For the intra-band EN-DC and intra-band NR CA, UE may reduce or drop transmission of the overlapped SCG or later NR transmissions in NR CA, if the following conditions is not satisfied: 

·  The starting and end times are not aligned for the overlapped MCG and SCG transmissions; 

·  Frequency hop boundaries and time are not aligned. 
· One UE capability can be introduced to indicate whether the above restriction is needed for intra-band EN-DC or NR CA operations  
2.1.2 Phase continuity problem for separate PAs structure  
RAN1 agreed to not change LTE power control procedure in RAN1 specification to minimize the standard and implementation efforts to enable EN-DC operation [3]. Furthermore, in RAN1 AH 1801 meeting, it was agreed that P_cmax for LTE and P_cmax for NR are derived based on P_LTE and/or P_NR with leaving the details to be decided by RAN4 as usual [4]. Recently, RAN4 completed the discussions and concluded to use equal A-MPR for LTE and NR in case of dynamic power sharing in intra-band EN-DC operation. 

One potential issue caused by equal A-MPR is phase discontinuity for LTE transmissions. It may happen when NR starts transmission in the later portion of parallel LTE transmission(s). To solve this power variance problem for a single LTE transmission, one simple way is to allow UE reducing or even dropping the NR transmission(s) when LTE transmission power is impacted by the overlapped NR transmissions.            
Proposal 2:

· For dynamic power sharing of EN-DC, UE may reduce or drop SCG transmission if the LTE transmission power is impacted by the overlapped NR transmission(s) power in any portion.   
2.2 Power sharing for EN-DC option 4

In the RAN plenary #79 meeting, it was agreed to additionally consider support of NR architecture option 4 with the following guidelines [x]  

	NR Option 4 “to do list” – RAN1

· Need to evaluate whether new design on power control, multiplexing, etc. is needed for both LTE & NR specs

· Strive for minimum RAN1 specification impact

· Some (limited) RAN1 meeting time is expected


NR already supported NR architecture option 3 and 8 with LTE as anchor. The architecture option 4 with NR as archor is undefined yet. Similar like EN-DC option 3, one key aspect on the physical layer to support architecture option 4 is to define the UL power sharing mechanism. 

Two different power sharing mechanisms were defined for Rel-15 NR architecture option 3, i.e. semi-static and dynamic power sharing. For the semi-static power sharing mechansim, the NR and LTE carriers are operated  independently without interaction on the power control aspects. Hence, it should be reused for NSA with NR as anchor so as to leverage the designs and minimize the standard/testing/implement efforts. In addition, case 1 timing was introduced to allow TDMed transmissions for the case that UL carriers can not be simultaneously used. This TDMed approach can also increase NR coverage compared to semi-satic power sharing mechanism. The motivation of case 1 timing still holds for NR architecture option 4 and hence it should be also supported.       

Proposal 3
· For NR architecture option 4, reuse the existing semi-static power sharing mechanism and Case 1 timing mechanism defined for EN-DC with LTE as anchor.    

Generally, NR transmission may be prioritized over LTE for the dynamic power sharing approach as it serves as MCG. However, adapting LTE transmission power based on that of the parallel NR transmissions would result in a stringent processing time requirement at UE due to a shorter scheduling time of NR. Therefore, an option of reusing the dynamic power sharing mechanism defined for EN-DC option 3 should be considered with additional rules on how to maintain RRC connection in power limited case. Like what did in LTE dual connectivity, a certain power can be reserved for NR. In particular, the reserved power is always guaranteed and the remaining power is prioritized for LTE. Since the network have full flexibility to reserve certain NR power, it will not be a problem to keep the RRC connection in NR architecture option 4. 

Proposal 4
· Reuse the exsiting dynamic power sharing mechanism for NR architecture option 4 and introduces reserved power for NR. 

3. Conclusion 
In this contribution, we have discussed the uplink power sharing mechanism to support NR architecture option 4. Based on the discussion we have the following proposals:  
Proposal 1:

· For the intra-band contiguous EN-DC, UE may reduce or drop transmission of the overlapped SCG transmissions if the following conditions is not satisfied: 

·  The starting and end times are not aligned for the overlapped MCG and SCG transmissions; 

·  Frequency hop boundaries and time are not aligned.   
· One UE capability can be introduced to indicate whether the above restriction is needed for intra-band EN-DC or NR CA operations  
Proposal 2:

· For dynamic power sharing of EN-DC, UE may reduce or drop SCG transmission if the LTE transmission power is impacted by the overlapped NR transmission(s) power in any portion.   
Proposal 3
· For NR architecture option 4, reuse the existing semi-static power sharing mechanism and Case 1 timing mechanism defined for EN-DC with LTE as anchor
Proposal 4
· Reuse the exsiting dynamic power sharing mechanism for NR architecture option 4 and introduces reserved power for NR. 
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